Study Design. A retrospective observational study. Objective. We evaluated the prognostic value of drain tip culture performed for surgical site infection (SSI) after spinal surgery with a large number of subjects, and investigated whether the type of surgery or timing of drain removal correlated with positive drain culture and SSI rates. Summary of Background Data. In many institutions, routine culture of suction drain tips that are placed in the surgical site of spinal surgeries has been performed to detect contamination after removal. However, few reports have evaluated whether drain tip culture is prognostic for SSI after spinal surgery. Methods. A total of 1240 suction drain tips that had been used in spinal surgeries were cultured after removal. Prophylactic antibiotics were administered during and after the surgery for 48 hours. We evaluated the correlation between the results of positive drain tip culture, SSI, and drain removal timing. Results. Positive drain tip cultures were found in 55 cases (4.4%). True SSI was identified in 18 cases (1.5%). The most frequently isolated microorganism in the both cases was Staphylococcus. The sensitivity of drain tip culture for SSI after spinal surgery was calculated as 0% according to the concordance rate between bacteria isolated in drain tip culture and SSI cases. There was no correlation between the duration of suction drainage and the drain tip culture results or the onset of SSI within 72 hours. The results of suction drain tip culture could not reflect those of SSI regardless of the type of surgery (primary or revision), surgical region, surgical procedure, or implant use. Conclusion. Drain tip culture in spinal surgery was not prognostic for SSI or helpful in detecting pathogenic bacteria for SSI. Routine use of drain tip culture when prophylactic antibiotics are used is not supported by the results of this study.
I
n spinal surgeries, surgical drains, including closed suctions devices, are used in many institutions. Suction drainage using silicone rubber catheters can reduce hematoma formation, minimizing the risk of postoperative neurological deficits from spinal cord compression. 1 Drainage can also decrease the dead space and the likelihood of prolonged discharge from the wound. Because wound hematoma is an ideal medium for bacterial colonization and postoperative surgical site infection (SSI), suction drainage can reduce infection rates, resulting in a more benign and uncomplicated postoperative course. 2 SSI after spinal surgery is a devastating complication that is often difficult to treat, and it has high associated morbidity and mortality, incurring a substantial cost to the health care system. 3 Thus, early identification of pathogenic bacteria and initiation of antibiotics are desirable for the management of SSI. Closed suction drainage at the spinal surgical site is an established principle of management for preventing infection, and wound drain culture has been used as an early detection method for SSI. 4 In many institutions, routine culture of drain tips in the site of spinal surgeries has been performed to detect contamination. However, few reports have evaluated whether drain tip culture is prognostic for SSI after spinal surgery.
The SSI rates vary according to the type of surgical intervention, the surgical procedures, and the location of spinal surgery. 5 However, it remains unclear whether positive drain culture rates correlate with the type of surgical intervention, implants used, surgical site, or surgical approach. It is also unknown whether the timing of drain removal affects the positive culture rate.
In this study, we retrospectively evaluated the prognostic value of drain tip culture performed for SSI after spinal surgery with a large number of subjects. Furthermore, we investigated whether the type of surgery or timing of drain removal correlated with positive drain culture and SSI rates.
MATERIALS AND METHODS
This study was approved by the institutional research ethics committee. A total of 1240 closed suction drain tips that had been used in spinal surgeries were cultured after removal. The spinal surgeries were performed in a single institution from 2010 to 2015. This study included 1085 primary surgeries and 155 revision cases ( Table 1 ). The patients who were followed for half a year or more after the procedures were included. Surgeries with and without instrumentation were performed in 577 and 663 cases, respectively. There were 355 surgeries performed in the cervical, 124 cases in the thoracic, and 761 cases in the lumbar spine ( Table 2 ). The sample included 632 males and 497 females with an average age of 65.2 years (5-93 years). All cases underwent surgeries under the same aseptic conditions. The skin was sterilized, and the surgical field was covered with a sterile drape. Prophylactic antibiotics were administered during and after the surgery, for a total of 48 hours, according to the Japanese Orthopaedic Association Clinical Practice Guideline on the Prevention of Surgical Site Infections in Bone and Joint. 6 The patients received cefazolin (1.0 g, intravenous) 30 minutes before the skin incision. The antibiotic was administered in additional doses every 3 hours during operation and every 12 hours thereafter.
At the end of the surgical procedures, a drain was introduced deeply beneath the paravertebral muscles. Drains were removed 12 to 72 hours or longer after surgery using a sterile technique. The timing of removal was determined with consideration for the amount of drain fluid; the drain was removed when the fluid that had drained in the preceding 24 hours was less than 100 mL. The surrounding skin was disinfected with 10% aqueous povidone iodine solution before removal. The inner drain tip was cut approximately 1 to 2 cm from its far end with sterile scissors, and it was sent to the microbiological laboratory for cultural analysis. After the drain tip lumens were washed using a heart infusion broth, lavage fluid was collected. All samples including wound discharges and lavage fluid from tips were placed on 10% aerobic and anaerobic blood agar plates. At the same time, both the lavage fluid from drain tips and the tips themselves were inoculated in HK semisolid agar medium (Kyokuto Pharmaceutical Industrial Co., Tokyo, Japan) as enrichment culture. These nutritious materials were incubated at 378C aerobically and anaerobically, and examined after 24 and 48 hours. Any microorganism was isolated and identified by standard laboratory techniques. A minimum of 20 growth colonies growing was considered significant. 7 After drain removal, the wound was covered until the 10th postoperative day. Any possible signs of SSI were recorded. In the follow-up period, clinical and radiographic evaluations were routinely performed at 1, 3, 6, and 12 months postoperatively and every 6 months thereafter. We defined SSI, according to the criteria of the Centers for Disease Control and Prevention, 8 as a condition resulting in an abscess or other evidence of infection in the skin, subcutaneous tissue, or deep soft tissue. In addition, the presence of SSI was confirmed by reoperation or by histopathologic or radiologic investigation.
We evaluated the correlation between the results of positive drain tip culture, SSI, and drain removal timing. Fisher exact test was used to identify significant correlations between each factor. The results were considered to be significant for P < 0.05. A posthoc power analysis was performed using an a of 0.05, which was set according to previous studies. 3, 4, 9, 10 
RESULTS
Positive drain tip cultures were found in 55 cases (4.4%) ( Tables 1 and 2 ). The most frequently isolated microorganism was Staphylococcus, except for methicillin-resistant Staphylococcus aureus (MRSA) (27 cases, 49.0%) ( Table 3) . No additional therapy was performed in any cases with a positive drain culture if there were no other signs of SSI. True SSI was identified in 18 cases (1.5%). Superficial SSI was found in four cases, while deep SSI in 14 cases. All cases of superficial SSI and one of deep SSI were cured with 1 to 4 months of antibiotics, and the remaining 13 deep SSI cases underwent open irrigation, aggressive debridement, or revision surgeries. Almost all SSIs were first observed during the postoperative 3 months; only one case of late infection was found. The patients were followed up for an average of 3.0 years (0.5-5.5 yrs). The most frequently isolated microorganism in the SSI cases was MRSA (five cases, 27.8%) ( Table 3) . In approximately half of the abscess cultures, the pathogen causing the SSI could not be identified. In the results of drain culture for the 18 true SSI cases, only one case had a positive culture (Table 1) . However, the bacteria isolated in the drain culture (S. epidermidis) were not in agreement with the pathogenic microorganisms in the abscess culture (MRSA). The sensitivity of drain culture for SSI after spinal surgery was only 5.6%. This was calculated as 0% according to the concordance rate between bacteria isolated in drain culture and SSI cases. The positive predictive value of drain tip culture for SSI was 1.8% when neglecting the consistency between the bacteria isolated in drain culture and pathogenic bacteria in the SSI cases, and the negative predictive value was 98.6%.
Twelve drains were removed within 12 to 24 hours following the operation, 1034 drains within 24 to 48 hours, 181 drains within 48 to 72 hours, and 13 drains were kept in place for longer than 72 hours (Table 4) . None of the positive drain tip culture cases (0%) were removed within 12 to 24 hours following the operation, 45 (4.4%) within 24 to 48 hours, seven (3.9%) within 48 to 72 hours, and three (23.1%) within longer than 72 hours. The frequency of positive drain cultures increased if the drain was removed after more than 72 hours (P ¼ 0.0172). There was no significant difference in the rate of positive drain culture between the cases for which drain removal was performed within 12 to 48 hours and greater than 48 hours after the operation (P ¼ 0.57). Of the 18 SSI cases, the drain was removed within 12 to 24 hours in none of the cases (0%), within 24 to 48 hours in 14 cases (1.4%), within 48 to 72 hours in two cases (1.1%), and within longer than 72 hours in two cases (15.4%). The frequency of SSI increased if the drain was removed after more than 72 hours (P ¼ 0.0141). There was no significant difference in the rate of SSI between the cases in which removal was performed within 12 to 48 hours and greater than 48 hours after the operation (P ¼ 0.51).
Although there was no significant difference in the rate of positive drain culture between primary and revision cases (4.1 vs. 6.5%, P ¼ 0.21), the rate of SSI in revision was significantly higher than in primary cases (5.8 vs. 0.8%, P < 0.001) ( Table 1) . Moreover, although the SSI-positive patients underwent a significantly longer duration of surgery and longer levels of the surgical procedure than the SSI-negative ones (279.8 vs. 216.7 min, P ¼ 0.018, and 3.72 vs. 2.59, P ¼ 0.017, respectively), there was not a significant difference in either the duration of surgery or the levels of surgeries between the positive drain culture group and the negative group (221.8 vs. 217.4 min, P ¼ 0.82, and 3.07 vs. 2.58, P ¼ 0.077, respectively) ( Table 5) .
There was not a significant difference in either the rate of positive drain tip culture or SSI between the instrumentation and noninstrumentation groups (3.6 vs. 5.1%, P ¼ 0.22, and 0.7 vs. 2.1%, P ¼ 0.054, respectively). From the viewpoint of the surgical site, 29 cervical drain cultures (8.2%), six thoracic drain cultures (4.8%), and 20 lumbar drain cultures (2.6%) were positive. In cases with SSI, five cases were in a cervical lesion (1.4%), three cases in a thoracic lesion (2.4%), and 10 cases were in a lumbar lesion (1.3%). Although there was no significant difference in the rate of SSI between cervical and lumbar cases (P ¼ 1.0), the rate of positive drain culture in cervical cases was significantly higher than in lumbar cases (P < 0.0001). In addition, cases with the anterior approach had a low infection rate (0%) compared with the overall rate of SSI, whereas there was no significant difference in the rate of positive drain culture between the anterior and posterior approach groups (7.6 vs. 4.1%, P ¼ 0.13) ( Table 2) .
In the power analysis, it was calculated that sample sizes of 785 would be needed to obtain 80% power that detects significant associations between drain tip culture and SSI. A posthoc power analysis showed that the actual sample size of this study had 94.0% power.
DISCUSSION
Spinal infection can be a devastating complication after spinal surgery. The incidence of SSI following spinal surgery is reported as up to 18.8%. 3, 5 Whether the use of routine drainage actually prevents the SSI after spinal surgery is controversial. However, to prevent neurological complications associated with hematoma formation, we generally would place the drainage tube. The spinal cases that are treated with the same postoperative management, that is, routine use of wound drainage and 48 hours of prophylactic antibiotics, were evaluated in this study.
Clinical symptoms of SSI may be subtle, and the infection may only become apparent in its late stages. Early diagnosis is the most important for the management of SSI. As one of the diagnostic modalities, culture of all drain tips placed in spinal surgery is often performed to detect contamination after removal. 9 In joint surgeries, several studies have investigated the relationship between the use of drain culture and the occurrence of SSI. Sorensen and Sorensen 4 have reported a positive correlation, whereas Takada et al. 10 did not report a correlation. Kobayashi et al. 11 have recently investigated 329 spine cases and reported that possibility of SSI should be considered in cases with positive drain culture for methicillin-resistant bacteria. However, few previous studies have investigated whether to culture drain tips with a sufficient number of samples in spinal surgery. We evaluated the prognostic value of drain tip culture for SSI after spinal surgery with a large sample size of 1240.
In the results of this study, positive drain tip cultures were found in 55 cases (4.4%) and true SSIs were found in 18 cases (1.5%). SSI following spinal surgery occurs through direct inoculation during surgical procedure, hematogenous spread, and early postoperative contamination. The rate of positive drain culture was higher than the actual rate of SSI. It might be due to contamination during or after removal of the tips, or insufficient disinfection of the surrounding skin. Contamination during enrichment culture of drain tips might also be attributed to the difference in the rates. This could promote to proliferation of other bacterial species irrelevant to SSI. Staphylococcus aureus remains the leading agent for SSI, and it is responsible for approximately 50% of cases. Additional common causes of SSI include coagulativenegative staphylococci, mainly Staphylocuccus epidermis. Gram-negative bacteria also play a role in SSI and may be 12 In the present study, the characteristics of isolated bacteria from either drain tip positive cases or actual SSI cases were similar to those presented in previous studies. 3, 12 However, no SSI cases were in agreement with the pathogenic bacteria isolated from the drain culture. Despite the fact that we performed the enrichment culture in addition to routine methods, the drain tip culture had a sensitivity of 0% for detecting the pathogenic bacteria of SSI. This indicated that drain culture is not prognostic for SSI or detecting the causative bacteria of SSI after spinal surgery when prophylactic antibiotics are administered. As one of additional examinations, PCR assay would be needed to improve the sensitivity.
The correlation between duration of drainage and drain culture results or onset of SSI is also unclear. In the present study, therewas no correlation between the duration of drainage and the drain culture results if the drain was removed within 72 hours after the procedure. A prolonged course of drain placement may result in a higher rate of bacterial contamination than a shorter duration. 13, 14 In general, revision, implant use, and dorsal surgeries are reported as intraoperative factors associated with a high risk for SSI following spinal surgery. 3 Compared with patients undergoing primary spinal surgeries, patients undergoing revision have a higher risk of many procedure-related complications. 15 Positive drain cultures were more often found in revision for total hip arthroplasty (THA) than in primary THA. 16 In the present study on spine surgery, the infection rates were significantly higher after revision than after primary surgery, which is in agreement with previous reports. 3 Despite the increased rate of SSI in revision cases, there was no significant difference in the rate of positive drain tip culture between primary and revision cases, suggesting a poor prognostic value of drain tip culture for SSI. Further, whereas both long duration and large size of surgery correlated with eventual SSI, there was no significant difference in these between the positive drain tip culture group and the negative one. This result also reinforced a poor prognostic value. The rate of positive drain culture in cervical surgery was higher than in lumbar surgery, whereas no difference was found in the SSI rate. This might be attributed to contamination at the skin of drain hole because there is a variety of resident flora in the cervical region. Overall, the results of drain tip culture could not reflect those of SSI regardless of the type of surgery, surgical region, surgical procedure, or implant use.
The limitation of our study is that it is a retrospective review. However, all drains were routinely cultured during the study period and none of the cases received any additional therapy in response to having a positive drain culture. The data in this study could be interpreted as data matching prospective data. The effect of this limitation would be negligible. Second, the lack of a significant association between drain culture and SSI might be due to the limit of culture or preservation method. Many factors, such as drain culture method, use of prophylactic antibiotics, migrating bacteria along the drain, disinfection of the skin surrounding the drain, and others, may affect the culture data. Despite these limitations, this study demonstrates the importance of reconsidering routine drain culture. The sensitivity of drain tip culture for SSI after spinal surgery was 0% when considering the concordance rate between bacteria isolated from the drain culture and actual SSI. Routine culture of all suction drain tips is expensive and may not be cost-effective. 17 Drain tip culture is not considered helpful for detecting pathogenic SSI bacteria in spinal surgery.
Key Points
A total of 1240 suction drain tips that had been used in spinal surgeries were cultured after removal. Positive drain tip cultures were found in 55 cases (4.4%) and true SSI was identified in 18 cases (1.5%). The sensitivity of drain tip culture for SSI after spinal surgery was calculated as 0% according to the concordance rate between bacteria isolated in drain tip culture and SSI cases. No correlation was found between the duration of suction drainage and the drain tip culture results or the onset of SSI within 72 hours. The results of suction drain tip culture could not reflect those of SSI regardless of the type of surgery (primary or revision), surgical region, surgical procedure, or implant use.
